Rutin is one of the most active flavonoid compounds found in asparagus, the leaves and petioles of Rheum species and buckwheat, or the fruits of some other plants, and contributes to the antibacterial and antioxidant properties of the plants. It has many physiological activities, such as maintaining the resistance of the blood vessels, reducing their osmose and brittleness, promoting proliferation of the cells and preventing the blood cells from aggregation\[[@ref1]\]. In addition, rutin also has the function of anti-inflammatory\[[@ref2]\], antitumor\[[@ref3]\] and antibacteria\[[@ref4]\]. It is mainly used for the clinical treatment in capillary haemorrhage and also recommended for the adjuvant treatment in hypertensive encephalopathy, acute haemorrhagic nephritis, postpartum haemorrhage, purpura haemorrhagica, retinal haemorrhage and recurrent epistaxis.

The methods currently used for the determination of rutin include chromatography\[[@ref5][@ref6][@ref7]\], capillary electrophoresis (CE) or microchip-CE\[[@ref8][@ref9][@ref10]\], electrochemical methods\[[@ref11][@ref12][@ref13]\], UV spectrophotometry\[[@ref14][@ref15]\], and chemiluminescence\[[@ref16][@ref17]\]. Among various methods, due to its high reproducibility and ease of automation, LC has been widely used to determine rutin and coexistent flavonoids in plants, but it also has some shortcomings such as complicate operation, high cost and coexistent interferences in the sample solutions. Fluorescence analysis has the advantages of simple operation, high sensitivity and selectivity with a wide range of applications for drug determination, but very little has been reported for the determination of rutin. Based on the above, this work aims to develop a simple and sensitive fluorimetric method for the determination of rutin.

A stock solution of ytterium (III) (1.0×10^−2^ mol/l) was prepared by dissolving ytterium oxide (Y~2~O~3~, 99.9%) in hydrochloric acid and diluting with water. Stock standard solution (1.0×10^−3^ mol/l) of rutin (Beijing Institute of Biological Products, Medical Department of China) was made by dissolving rutin in 0.1 mol/l NaOH and diluting with water. Stock solutions of surfactants (1×10^−2^ mol/l) were prepared by directly dissolving them in water. A 0.05 mol/l Tris (hydroxymethyl)aminomethane(Tris)--HCl buffer solution was prepared by dissolving appropriate Tris in water and adjusting the pH with hydrochloric acid. All the chemicals used were of analytical reagents grade and doubly deionised water was used throughout. All fluorescence spectra were recorded on a LS-55 spectrofluorimeter (PE) in a 1 cm quartz cell. All pH measurements were made with a Delta 320-s pH meter (Mettler Toledo, Shanghai).

To a dry 10 ml test tube, solutions were added as following order: definite standard rutin (or sample solution), certain volumes of Y^3+^(1.0×10^−3^ mol/l), surfactant solution (1×10^−2^ mol/l) and 1.0 ml of Tris-HCl buffer (pH 9.5), respectively, and then the mixture was diluted to 10.0 ml with water. The fluorescence intensity was measured in a 1.0 cm quartz cell with excitation and emission wavelengths of 380 nm and 540 nm, respectively. The excitation and emission slits were both 10 nm.

The excitation and emission spectra of rutin (1), rutin-Y^3+^ (2) and rutin-Y^3+^-Sodium dodecylbenzenesulfonate (SDBS) (3) systems were shown in [fig. 1](#F1){ref-type="fig"}. Under excitation of 405 nm, the rutin-Y^3+^ system emitted weak fluorescence in the range of 490-600 nm, which can be greatly enhanced by anionic surfactant SDBS, and the maximum excitation wavelength shifted from 405 nm to 380 nm, indicating that interaction between rutin-Y^3+^ and SDBS occurred. The excitation wavelength 380 nm and emission wavelength 540 nm were selected for further experiments.

![The excitation and emission spectra.\
The excitation (a) and emission (b) spectra of Rutin (1), Rutin-Y^3+^ (2) and Rutin-Y^3+^-SDBS (3). Concentrations: Y^3+^: 1.5×10-4 mol/l, Rutin: 1.0×10-6 mol/l, SDBS: 5.0×10-3 mol/l, pH=9.5.](IJPhS-75-614-g001){#F1}

The selection of optimum conditions is a critical part of the work. The effects of pH, buffer solutions (such as NH~4~Ac-HAc, Na~2~B~4~O~7~-HCl, Tris-HCl and hexamethylenetetramine (HMTA)-HCl), Y^3+^ concentrations and surfactant types (such as alkylphenol ethoxylate-10(OP-10), sodium dodecyl sulfate (SDS), SDBS, cetyl trimethyl ammonium bromide (CTAB) and cetylpyridinium bromide (CPB) and concentrations were investigated, and to obtain the maximum fluorescence enhancement (ΔI~f~(%)=(I~f~-I~f0~)/I~f0~;, where I~f~ is The fluorescence intensity of rutin-Y^3+^-SDBS system, I~f0~ is the fluorescence intensity of Y^3+^-SDBS system), the pH value of 9.5, Tris-HCl buffer solution, 1.5×10^−4^ mol/l Y^3+^ and 5.0×10^−3^ mol/l SDBS were chosen. The addition order and stability of this system were also tested, and the results indicated that the order of rutin, Y^3+^, SDBS, and Tris-HCl buffer had the biggest fluorescence enhancement of the system. The system reached maximum fluorescence intensity within 10 min after all the reagents were mixed and remained stable for 2 h.

The interference of foreign substances was tested for 4.0×10^−7^ mol/l rutin, and the results were shown in [Table 1](#T1){ref-type="table"}. It can be seen that most of the foreign substances tested except Fe^2+^ have little effect on the determination of rutin under the permission of ±5% relative error.

###### 

INTERFERENCE FROM FOREIGN SUBSTANCES
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Under optimum conditions defined here, the calibration graph for rutin was obtained. There was a linear relationship between the fluorescence intensity and the concentration of rutin in the range of 12-1200 ng/ml with a correlation coefficient of 0.998, and the detection limit (S/N=3) was 1.3 ng/ml.

[Table 2](#T2){ref-type="table"} showed the comparison of this proposed method with other reported methods for the determination of rutin. It can be seen that the proposed method had wider linear range and higher sensitivity compared to most of reported methods. Although the sensitivity of proposed fluorescence method was higher than that of reported LC-MS/MS method\[[@ref6]\] and one of the chemiluminescence methods\[[@ref17]\], compared to the two methods, apparently it has the advantages of low-cost and easy to operate and can meet the general requirements of rutin determination.

###### 

COMPARISON OF EXISTING METHOD FOR THE DETERMINATION OF RUTIN WITH THE PROPOSED METHOD
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Considering the effects of foreign substances on the fluorescence intensity of the system, the standard addition method was used for the determination of rutin in compound rutin tablets (The Third Pharmaceutical Factory of Jinan, China). The sample was prepared as follows, rutin tablets (10 tablets) were carefully ground, and then 0.2 g powder was dissolved with 0.1 mol/l NaOH solution. The obtained solution was centrifuged for 10 min at 5000 rpm and the supernatant was filtered through filter paper and the filtrate was diluted to 150 ml with distilled water. The obtained solution was determined by the proposed method for 5 times. The results were comparable with the corresponding labelled amount. The validation parameters were summarised in [Table 3](#T3){ref-type="table"}. It can be seen that the accuracy and precision of this method were satisfactory.

###### 

SUMMARY OF VALIDATION PARAMETERS
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In this work, the mechanism of fluorescence enhancement was also proposed. From [fig. 1](#F1){ref-type="fig"}, it can be seen that the emission peak of rutin-Y^3+^ system was at the same position as that of rutin system, indicating that the luminescence of the complex belongs to L^\*^-L luminescence mechanism. The formation of rutin-Y^3+^ complex enlarges the rigid structure plane of rutin and results in the enhancement of the fluorescence intensity of the system. The fluorescence intensity enhancement of rutin-Y^3+^ system by anionic surfactant SDBS and the blue shift of maximum excitation wavelength indicated that there was interaction between rutin-Y^3+^ and SDBS. We speculate that rutin-Y^3+^ complex is positively charged and can be easily dissolved in the micelle of SDBS with negative charge through electrostatic and hydrophobic force, which provides an optimum hydrophobic environment for rutin-Y^3+^ complex, and results in the enhancement of the fluorescence intensity of the rutin-Y^3+^ system. In addition, the hydrophobic microenvironment can also prevent the collision between rutin-Y^3+^ complex and water molecules, and decrease the energy loss of the system. Thus, the fluorescence quantum yield is improved and the fluorescence intensity of rutin-Y^3+^ complex is significantly enhanced.
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